Cyclisation of the precursor 6 under standard radical conditions yields the tetracyclic structure 7 which represents the core of a number of indole alkaloids along with the novel tetracycle 13.
Introduction
The Strychnos and Aspidosperma alkaloids are structurally complex molecules that possess a range of biological activity and present a challenge to synthetic organic chemists. 1 As part of our ongoing interest in these classes of alkaloids, 2 we are particularly concerned with a synthesis of the core tetracyclic sub-structure 1, which forms the basis of these molecules as exemplified by strychnine 2 and aspidospermidine 3 ( Figure 1 ). Following the successful cyclisation of the N-pentenyl precursor 4 in our previous example, 3 we decided to use the same conditions for cyclisation of the N-pentynyl precursor 6.
Treatment of a solution of the tertiary amide 6 in t-butyl-m-xylene under reflux with syringe pump addition of a solution of tri-n-butyltin hydride and AIBN in t-butyl-m-xylene resulted in the formation of three isolable products. High-resolution mass spectrometry confirmed the same molecular formula for all three compounds, C 24 H 23 N 3 O. The least polar compound was identified as the reduced product 12 owing to the presence of 9 aromatic protons, the terminal acetylene proton and an equal mixture of amide rotamers in the 1 H NMR spectrum. It was isolated in 45% yield. From the 13 C NMR spectrum, the second product isolated in 16% yield clearly possessed an exocyclic double bond (resonance at δ 119.4) along with the distinctive spirocyclic center (δ 53.8), indicating that the precursor 6 had undergone the desired translocation-cyclisation-cyclisation sequence onto the exocyclic triple bond. This along with the other observable data such as two distinct AB quartets in the 1 H NMR clearly indicated that we had indeed synthesized the tetracyclic structure 7. The relative stereochemistry of this diastereoisomer cannot easily be determined owing to the three contiguous quaternary centers but it appears to be one single diastereoisomer.
The nature of the third isolable product presented a challenge, as it clearly possessed three AB quartets from the 1 H NMR spectrum. The exocyclic double bond was also present indicating that the final cyclisation step had taken place. From the 13 C NMR spectrum there were 5 CH 2 signals excluding the exocyclic methylene group. Eight quaternary carbons were also observed in the 13 C NMR spectrum with no evidence for the expected N-methyl group in either the 1 H or 13 C NMR spectrum. On the basis of the evidence, we have assigned the tetracyclic structure 13 to this compound, which was isolated in 15% yield. The formation of this unexpected product is believed to have occurred by an additional 1,5-hydrogen atom abstraction by the vinylic radical 17 from the neighbouring N-methyl group of the indole (Scheme 5). The resultant primary radical 18 then undergoes a neophyl-type rearrangement by addition to the benzene ring to give cyclohexadienyl radical 19. Ring-opening of 19 to regenerate the aromatic ring gives an aminyl radical which is reduced by tri-n-butyltin hydride to give the final compound 13. This unexpected product 13 possesses a novel ring structure which has arisen by a formal ring expansion of an indole to a tetrahydroisoquinoline. The formation of this product is surprising. 1,5-Hydrogen atom abstraction by a vinylic radical is well precedented [7] [8] [9] as is the neophyl rearrangement involving an aromatic ring with concomitant ring expansion. 10, 11 However, the sequential occurrence of these two reactions as part of a tandem process is unprecedented. In summary, cyclisation of the N-pentynyl precursor 6 results in the formation of the expected cyclised product 7, carrying suitable functionality for conversion into natural indole alkaloids. In addition, the novel tetracycle 13 has also been isolated. We suggest that this arises through a combination of hydrogen atom abstraction and radical rearrangement.
Experimental Section
General Procedures.
H NMR and
13 C NMR were recorded on a Bruker AM300 spectrometer operating at 300 MHz for proton and 75 MHz for carbon. Infrared spectra were recorded on a Perkin Elmer 1605 FT-IR spectrophotometer using NaCl plates. High resolution mass spectra were carried out at King's College, London University or at Kingston University. Mass spectra carried out at King's College using either a Kratos MS89MS with Kratos DS90 software or a Jeol AX505W with Jeol complement data system. Samples were ionised electronically (EI), with an accelerating voltage of ≈6kV or by low resolution fast atom bombardment (FAB) in a thioglycerol matrix. High resolution fast atom bombardment was carried out at the ULIRS mass spectrometry facility at the School of Pharmacy, University of London. Mass spectra carried out at Kingston University were recorded using a Micromass LCT time of flight mass spectrometer equipped with an ElectroSpray Ionisation (ESI) ion source. -3-methylene-11-oxo-1,2,3,3a,4,5,10,11,12,12a-decahydropyrrolo[2,3-n 
N-(2-Bromobenzyl)-2-nitrobenzenesulfonamide (8)
.
(C-1). N-(2-Bromobenzyl)-2-(2-cyano-1-methyl-1H-indol-3-yl)-N-pent-4-ynylacetamide (6).

